The scanning tunneling microscope is used to study arsenic-related point defects in low-temperaturegrown GaAs. Tunneling spectroscopy reveals a band of donor states located near E"+0. 5 eV arising from the defects. Images of this state reveal a central defect core, with two satellites located about 15 A from the core. The structure of the defect is found to be consistent with that of an isolated arsenic antisite defect (As on a Ga site) in a tetrahedral environment. 
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The ability of the scanning tunneling microscope (STM) to resolve geometric structure on the atomic scale, while also providing electronic spectroscopy, has led to its wide applicability to problems involving both ordered and disordered surface structures. However, one area in which the STM has found relatively little application is in the study of bulk defects, that is, defects which are grown into the bulk of the material and thus are not surface specific [1] . Two reasons for this dearth of activity are that the number of bulk defects seen on a surface is generally quite low, and that surface reconstructions will often act to mask the presence of such defects. The first problem can be alleviated by using specially prepared material containing a very high density of defects, such as the low-temperature-grown (LT) GaAs used in the present work which contains about 1 x 10 cm arsenic-related point defects [2] . The second difhculty is avoided on the (110) cleavage face of GaAs, in Descriptions of the STM design, and spectroscopic methods, have been given previously [4, 5] .
Before presenting STM images of the arsenic-related defects, we first discuss tunneling spectroscopy results. Figure 1 shows typical spectra acquired from each of the three types of samples described above (at least two samples of each doping type have been studied, and good reproducibility is found). The spectra reveal tunneling out of valence-band states at large negative voltages and into conduction-band states at large positive voltages, with the band edges denoted by E"and E"respectively. 1(a), we find a band of states centered near E"+0. 5 [7] may also be present.
In Fig. 2 Fig. 3 . Thus, the defect images shown in Fig. 2 are, in essence, images of the deep defect states seen in the spectra of Fig. 1 .
In Fig. 4 we show expanded views of each of the types of defects observed in Fig. 2 Fig. 4(a) Fig. 4(b) ].
Similarly, the type C and D defects extend over an even and odd number of rows, respectively (satellites are not seen for these defects due to insufticient sensitivity, so the arrows in Fig. 4 Given the above interpretation of the images in terms of the depth of the defect core below the cleavage plane, we can construct a geometric model for the defect structure, as shown in Fig. 5 . As a reference we choose the observed type 8 image, so that the defect core is in the second layer below the surface. Since the dominant defect in LT GaAs is known to be the arsenic antisite, and the location of this defect on the Ga sublattice is con- Fig. 4 . This is the only symmetry operation present on the (110) [8] [9] [10] . The possibility that the observed satellites arise from two (or more) additional defects can be excluded on the basis of spatially resolved spectroscopy measurements: Current images acquired at voltages throughout the band gap reveal that the spectrum of states measured over the satellites is basically the same as that acquired over the defect core [11] . Thus [12] .
In conclusion, we have used the STM to study the geometric and electronic properties of arsenic-related point defects in LT GaAs. We observe a band of donor states located near E"+0. 5 eV arising from the defects, which is close to the energy of the well-known EL2 level in GaAs. The number of observed defects is about 1 x 10 cm, which is the same as the number of EL2-producing defects observed in LT GaAs by infrared adsorption studies [2] . We thus identify our defects as being identical to those which produce EL2 in LT GaAs, the structure which is known to consist primarily of an arsenic antisite [2, [8] [9] [10] . We find a structure for the defect which is consistent with an isolated antisite in a tetrahedral environment. The possibility of a low symmetry defect complex, in particular an additional arsenic interstitial atom located along a [111] direction [9] , is inconsistent with the observed symmetry and spectroscopy of our defects. A 
